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© Modular femoral fixation system. 

© A distal buttress plate (171) adapted to be se- 
cured to the outer cortical wall of the lateral distal 
femur by means of bone, fasteners received in ap- 
ertures in said plate, characterized in that said plate 
(171) includes a relatively flat elongated proximal 
portion (173) adapted to be secured to the lateral 
distal femoral shaft and a relatively curved distal 
portion (175) curved out of the plane of said proxi- 
mal portion (173) adapted to be secured to the 
lateral distal femoral condyle, 

with said distal portion (175) comprising a gen- 



erally rounded head (177) at the distal end of the 
plate (171) and a generally widened body (179) 
having a greater maximum width than both said 
head (177) and said proximal portion (173), with said 
head (177) and body (179) being connected by a 
neck (181) having a minimum width substantially 
* smaller than the maximum widths of said head (177) 
and body (179) so as to leave spaces for the accom- 
modation of a pair of fracture reduction lag screws 
(195, 197) against said neck (181) on the two sides 
of said neck (181). 
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Internal fixation of femoral fractures is one of 
the most common orthopedic surgical procedures. 
Many different types of femoral fractures are en- 
countered in practice, including fractures in the 
femoral neck, intertrochanteric, mid-shaft and distal 
condylar regions. The femoral bone will sometimes 
fracture cleanly into two large fragments along a 
well-defined fracture line, and on other occasions 
fracture into many smaller fragments. Often, more 
than one type of fracture will exist concurrently in 
different regions of the femur of an injured patient. 

A wide variety of implants have been devel- 
oped over the years for use in the internal fixation 
of femoral fractures. Although numerous excellent 
design achievements have been realized, several 
general problem areas remain. First, almost all of 
the currently available implants have a highly spe- 
cialized application limited to only one specific 
anatomical location in the femur. Thus, a hospital 
must maintain at great expense a very large and 
variegated inventory of different implants to handle 
all expected contingencies. These implants are 
generally not compatible, i.e. they cannot be inter- 
connected together in caseTbf a complicated frac- 
ture pattern extending into different anatomical re- 
gions of the femur. Second, each implant has its 
own peculiar attributes and deficiencies, and the 
use of many of the known implants involves the 
use of a surgical technique that is unique to that 
implant and sometimes complicated and difficult as 
well. Consequently, the opportunities for improper 
implant selection and surgeon error during implan- 
tation are inevitably increased. Finally, tissue reac- 
tions with implants made of stainless steel and 
certain other surgical implant alloys tend to reduce 
the useful lifetime of the implants and require pre- 
mature removal from the patient's body. 

One very commonly utilized femoral internal 
fixation device is an elongated implant (nail, screw, 
pin, etc.) adapted to be positioned along the lon- 
gitudinal axis of the femoral neck with its leading 
end portion in the femoral head so as to stabilize a 
fracture of the femoral neck. The elongated implant 
may be implanted by itself or connected to another 
implant such as a side plate or intramedullary rod. 
The leading end portion of the implant typically 
includes means to positively grip the femoral head 
bone (external threads, expanding arms, etc.), but 
the inclusion of such gripping means can iTitroduce 
several significant problems. First, implants with 
sharp edges on the leading end portion, such as 
the externally threaded implants, exhibit a tendency 
to migrate proximally towards the hip joint bearing 
surface after implantation. Such proximal migration 
under physiological loading, which is also referred 
to as femoral head cut-out, can lead to significant 
damage to the adjacent hip joint. Also, the exter- 
nally threaded implants can generate large stress 



concentrations in the vicinal bone during implanta- 
tion which can lead to stripping of the threads 
formed in the bone and thus obviously a weakened 
grip. The movable arms of known expanding arm 

5 devices are usually free at one end and attached at 
the other end to the main body of the leading end 
portion of the implant. As a result, all fatigue load- 
ing is concentrated at the attached ends of the 
arms and undesirably large bending moments are 

70 realized at the points of attachment. 

As stated above, known elongated implants 
used to stabilize fractures of the femoral neck are 
often connected in use to a side plate which in turn 
is secured to the outer cortical wall of the adjacent 

75 femoral shaft, for example with bone screws. This 
type of assembly is often selected when a femoral 
neck fracture is a part of a more complicated 
fracture pattern including also one or more frac- 
tures in the metaphyseal and/or diaphyseal regions 

20 of the femur. Clearly, the surgeon desires to be 
able to select the appropriate length of the side 
plate depending upon the particular traumatic con- 
dition of the patient's femur. However, the sur- 
geon's flexibility in this regard typically requires the 

25 hospital to maintain a costly inventory of implants. 

It is an object of the present invention to pro- 
vide a modular system of femoral internal implants, 
and instrumentation therefor, that can be employed 
to treat a number of different fracture patterns and 

30 other disorders with a minimal number of intercon- 
nectable system components involving simple un- 
complicated operational procedures in which sur- 
gical invasiveness and operation times are mini- 
mized. 

35 This and other objects of the invention are 

achieved with a novel kit for use in the amelioration 
of a number of different types of femoral disorders 
resulting from injury, disease or congenital defect 
with a minimal number of interconnectable compo- 

40 nents. The kit comprises at least the following 
components: 1) an elongated 

epiphyseal/metaphyseal implant having a leading 
end portion and a trailing end portion and adapted 
to grip bone at its leading end portion; 2) an 

45 intramedullary rod having a distal end and a proxi- 
mal end; 3) an angled side plate comprising an 
elongated plate portion adapted to be secured to 
the outer cortical wall of the femoral shaft and an 
i integral hollow sleeve extending at an angle from 

50 one end of the plate portion so that said hollow 
sleeve extends into the femur when the plate por- 
tion is secured to said cortical wall; and 4) means 
for connecting the epiphyseal/metaphyseal implant 
to the intramedullary rod adjacent to one of the 

55 ends of the rod with the epiphyseal/metaphyseal 
implant at an angle with respect to the intramedul- 
lary rod. 

According to the invention, the components of 
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tho novel kit are dimensioned such that the elon- 
gated epiphyseal/metaphyseal implant is capable 
of being connected to the angled side plate by the 
insertion of the trailing end portion of the 
epiphyseal/metaphyseal implant into the hollow 
sleeve of the angled side plate and the elongated 
epiphyseal/metaphyseal implant is also capable of 
being connected to the intramedullary rod with the 
use of said connecting means. Thus the same 
epiphyseal/metaphyseal implant can be either con- 
nected to the intramedullary rod, to form for exam- 
ple a Y-nail type of assembly to treat an unstable 
subtrochanteric fracture pattern, or connected to 
the angled side plate, to form for example a side 
plate-pin assembly to treat a different fracture pat- 
tern. The intramedullary rod may be either con- 
nected to the elongated epiphyseal/metaphyseal 
implant or implanted independently of said implant 
and the angled side plate. 

The novel kit can be used to treat a variety of 
trauma conditions as well as to ameliorate other 
types of femoral disorders including non-unions, 
congenital deformities and pathological deformities 
(ag. Paget's disease), and can also be utilized in 
the prophylactic fixation of weakened bone, bone 
defects, etc., and in the performance of osteotom- 
ies. Simple and uncomplicated surgical techniques 
can be employed and operating times and implant 
inventories kept at a low level. 

As used herein the term "elongated 
epiphyseal/metaphyseal implant" refers to an elon- 
gated implant adapted to be used in such a man- 
ner that it extends after implantation from the epi- 
physeal region of the proximal femur into the adja- 
cent metaphyseal region, or from the lateral to the 
medial epiphyseal region of the distal femur. In 
general, the elongated epiphyseal/metaphyseal im- 
plant can be a pin, nail, screw, etc. Preferably, the 
intramedullary rod is axially cannufated and is pro- 
vided with at least one through bore adjacent its 
distal end for reception of a locking screw. 

The modular femoral implant system advanta- 
geously includes components additional to the es- 
sential epiphyseal/metaphyseal implant, intramedul- 
lary rod, angled side plate and 
epiphyseal/metaphyseal implant-intramedullary rod 
connection means. Thus, the kit preferably includes 
an elongated bone plate adapted to be secured to 
the outer cortical wall of the femoral shaft. The 
elongated bone plate and angled side plate are 
dimensioned such that the elongated bone plate 
can be connected to the plate portion of the angled 
side plate to provide an extension of the effective 
length of said plate portion without having to inven- 
tory two complete angled side plates. The elon- 
gated bone plate can of course be utilized by itself 
in a conventional manner, if desired. Most prefer- 
ably, several elongated bone plates of variable 



length are included in the kit. 

In a further preferred embodiment of the inven- 
tion the kit includes a distal buttress plate including 
a relatively flat elongated proximal portion adapted 
5 to be secured to the lateral distal femoral shaft and 
a relatively curved distal portion adapted to be 
secured to the lateral distal femoral condyle. In this 
embodiment the kit includes at least one elongated 
bone plate that is capable of being connected to 
io each of the plate portion of the angled side plate 
and the proximal portion of the distal buttress plate 
for effective length extension purposes, as desired. 

The novel kit of the present invention prefer- 
ably includes a plurality of threaded self-tapping 
75 cortical bone screws for use in securing the elon- 
gated plate portion of the one or more angled side 
plates to the outer cortical wall of the femoral shaft 
and, when the kit includes an intramedullary rod 
with a distal through bore and one or more elon- 
20 gated bone plates, securing the distal end of the 
intramedullary rod to the distal femur, securing said 
bone plate(s) to the outer cortical wall of the fem- 
oral shaft, and connecting said plate portion(s) and 
bone plate(s) together in axial alignment. The kit 
25 preferably includes a plurality of such screws each 
having a head and a threaded shank, with said 
screws being identical except for variations in the 
length of the threaded shanks. Although not every 
one of these screws can be used in all of the 
30 capacities set forth above (for example short cor- 
tical screws cannot be used to secure the distal 
end of the intramedullary rod), the provision of a 
plurality of threaded self-tapping cortical bone 
screws of universal screw head and screw shank 
35 design (except for variations in screw shank length) 
provides substantial opportunities for interchange- 
ability in use and reduced inventory levels, and 
requires the surgeon to be familiar with only one 
set of cortical screw characteristics, attributes and 
40 techniques of use. Furthermore, said bone screws 
can be used independently as bone fixation screws 
to hold fragments of bone together during healing 
of a fracture,. Most preferably, the heads of the 
cortical screws and the apertures in the plate 
45 portion(s) and bone plate(s) intended to receive 
them are configured in such a manner that the 
screws are capable of a universal rotation with 
respect to the plate portion or bone plate within a 
cone having an apex angle of at least about 20° 
so when the screw head is fully advanced into the 
aperture receiving it. Thus, for example, the under- 
side of the universal screw head may be spheri- 
cally rounded (convex towards the bone) and the 
abutting surfaces of the screw-receiving apertures 
55 complimentary thereto (and of course concave 
away from the bone). 

Preferably, the components of the novel kit of 
the invention are made of a resilient, physiologi- 
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cally inert titanium-base alloy such as Ti-11.5Mo- 
6Zr-4.5Sn, TI-6AI-4V or Ti-3AI-2.5V. The physio- 
logical inertness of such alloys reduces the poten- 
tial for adverse tissue reactions (as compared to 
e.g. stainless steel) and thus will serve to increase 
product lifetime in vivo after implantation. Also, 
most of the currently available implants for the 
internal fixation or amelioration of femoral fractures 
or other disorders are made of highly rigid materi- 
als, thus leading in many circumstances to exces- 
sive "stress shielding" in which too much of the 
stresses applied to the femur are borne by the 
implant rather than the healing bone in the fracture 
region. Stress shielding may delay fracture healing 
and weaken the surrounding bone. This problem of 
stress shielding is greatly alleviated by making the 
components of the kit out of a resilient titanium- 
base alloy. 

In a preferred distribution of components, the 
kit comprises: 1) two epiphyseal/metaphyseal im- 
plants of different length, 2) an angled side plate in 
which the hollow sleeve and plate portion are mutu- 
ally oriented at an oblique angle so that the hollow 
sleeve is adapted to extend into the intertrochan- 
teric region when the plate portion is secured to 
the outer cortical wall of the adjacent femoral shaft, 
3) an angled side plate in which the hollow sleeve 
and plate portion are substantially perpendicular so 
that the hollow sleeve is adapted to extend into the 
distal condylar region of the femur when the plate 
portion is secured to the outer cortical wall of the 
adjacent distal femoral shaft, 4) an intramedullary 
rod (preferably having a through bore adjacent its 
distal end), 5) means for connecting the shorter of 
the two epiphyseal/metaphyseal implants to the 
intramedullary rod adjacent to the proximal end of 
the rod to form a Y-nail type of assembly, 6) a 
plurality of cancellous and cortical bone, screws, 
and 7) at least one elongated bone plate capable of 
being connected in axial alignment to the plate 
portion of each of the angled side plates for effec- 
tive length extension purposes. The shorter 
epiphyseal/metaphyseal implant is also capable of 
being connected to the substantially 
perpendicularly-angled side plate, while the longer 
epiphyseal/metaphyseal implant is capable of be- 
ing connected to the obliquely-angled side plate. 
With this highly preferred distribution of compo- 
nents, the components of the kit can be assembled 
together in different ways or used independently to 
treat or ameliorate most of the femoral fracture 
conditions and other femoral disorders commonly 
encountered by orthopedic surgeons. 

In addition to the overall modular concept of 
the femoral implant system, the present invention 
is also directed to the particular design of various 
of the components of the system. Thus, included 
within the concept of the present invention is a 



novel bone implant for use in the stabilization of a 
bone fracture comprising an integral substantially 
cylindrical expansion sleeve having a smoothly 
rounded circumferentially-closed dome at one end, 

5 a circumferentially-closed circular ring at its other 
end, and a plurality of thin elongated strips extend- 
ing between, and connected at their opposed ends 
to, the circumferentially-closed dome and ring, said 
strips being of varying radial thickness along their 

w length and having textured outer surfaces; and an 
elongated plunger having at one end thereof a 
substantially cylindrical body portion having a di- 
ameter essentially equal to the inner diameter of 
the circumferentially-closed circular ring of the ex- 

75 pansion sleeve. When the expansion sleeve is held 
in a cavity in a bone fragment on one side of a 
fracture and the plunger is advanced through said 
circular ring and into the interior of the sleeve with 
its substantially cylindrical body portion in the lead- 

20 ing position, the plurality of thin elongated strips in 
the sleeve are caused to expand radially outwardly 
and thereby securely grip the bone fragment. The 
novel bone implant of this aspect of the invention 
can be, but is not necessarily, an 

25 epiphyseal/metaphyseal implant. 

As used herein the topographical term 
"circumferentially-closed" means that a path can 
be traced entirely around the circumference of a 
hollow structure having an axis while avoiding any 

30 break or gap or other interruption in the solid 
material of the structure. Thus, for example, a split 
ring would not be circumferentially-closed, while a 
closed ring would be. The uninterrupted path may 
be irregular in contour but must be continuous for a 

35 full 360* with respect to the axis of the structure in 
question. 

Because the expansion sleeve of the bone 
implant of this aspect of the invention has a 
smoothly rounded circumferentially-closed dome at 

40 its leading end, the likelihood of significant proxi- 
mal implant migration or "cut-out" in the femoral 
head is greatly reduced (as compared, for exam- 
ple, to an externally-threaded bone screw or tri- 
ftanged nail). This is a very important feature giving 

45 rise to substantially improved product life and sub- 
stantially reduced bone damage. The feature that 
the expandable strips in the expansion sleeve ex- 
tend between, and are connected at their opposed 
ends to, two circumferentially-closed structures (i.e. 

so the smoothly rounded dome at the leading end of 
the expansion sleeve and the circular ring at the 
trailing end) is also significant since it means that 
these thin strips have no free ends that can contri- 
bute to cut-out or catch on the wall of a prepared 

55 cavity in the patient's bone structure during im- 
plantation. No significant torque (which can cause 
rotation of the femoral head during insertion or 
stripping of the bone material) has to be applied to 
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the implant during its implantation, and the radial 
expansion of the textured strips provides a highly 
effective and secure bone gripping action distrib- 
uted along the surface of the sleeve without gen- 
erating excessive stress concentrations in the bone 
adjacent the implant. Additionally, because the ex- 
pandable strips are anchored at both ends fatigue 
loading is not concentrated at one end of the strip 
and bending moments are more evenly distributed 
along the strip. The actuation mechanism of this 
novel expansion sleeve implant is simple and fool- 
proof and includes no complicated moving parts 
that might malfunction during implantation. Prefer- 
ably, the plunger includes a raised annular rib 
adjacent the trailing end of the plunger body por- 
tion, which rib is adapted to fit into a corresponding 
groove provided in the inner wall of the circular ring 
of the expansion sleeve when the plunger is fully 
advanced within the sleeve. This rib and groove 
combination serves to lock the plunger and sleeve 
against undesired relative axial displacement after 
implantation. 

It is highly preferred that the expansion sleeve 
be made of a resilient material such as a titanium- 
base alloy. In this case, the resilient strips of the 
expansion sleeve will expand radially outwardly in 
elastic deformation when the plunger is advanced 
into the sleeve and will revert to their original shape 
(to facilitate removal of the sleeve, if desired) when 
the plunger is withdrawn. Also, whether or not the 
sleeve is made of a resilient material, it is desirable 
to design it so that openings are provided in the 
sleeve in its rest position. An extrudable material 
such as a bone cement for enhancement of the 
bone implant fixation can be placed into the sleeve 
and then extruded through these openings to the 
bone-implant interface as the plunger is advanced. 
The desired openings in the sleeve can be distinct 
gaps between the strips in the rest position of the 
sleeve, or some other type of opening. 

In a preferred surgical implantation technique, 
a guide wire is placed into the patient's bone at the 
desired location, a substantially cylindical cavity to 
receive the implant is formed with a drill or reamer 
cannulated to fit over the guide wire, the expansion 
sleeve is secured (preferably releasably) at its 
smoothly rounded dome to an elongated cannulat- 
ed rod (carrying the plunger) which extends within 
the expansion sleeve and through the 
circumferentially-closed circular ring thereof, the 
expansion sleeve is inserted into and held in place 
within the prepared cavity in the bone by means of 
the elongated rod (which fits , over the guide wire), 
and the plunger is advanced along said insertion 
rod into the interior of the expansion sleeve. More 
preferably, the insertion rod is externally threaded 
at one end and the dome of the expansion sleeve 
is provided with a centrally-disposed threaded axial 



through bore for the releasable attachment of the 
externally threaded end of the insertion rod. 

The present invention also includes a preferred 
instrument for use in inserting a surgical implant 
5 ( e.g. the novel expansion sleeve-containing bone 
implant of the invention discussed above) into a 
cavity in a patient's bone. This novel insertion 
instrument comprises an elongated axially can- 
nulated rod having an externally threaded portion 

70 adjacent one of its ends and an externally smooth 
portion extending from the externally threaded por- 
tion towards the other end of the rod; a hollow 
sleeve receiving the elongated rod, which sleeve is 
capable of sliding movement upon the externally 

is smooth portion of the rod; and means for advan- 
cing the hollow sleeve along the externally smooth 
portion of the elongated rod towards the externally 
threaded portion of the rod. The sleeve advancing 
means is preferably structured in such a way that it 

20 positively prevents movement of the hollow sleeve 
along the rod in a direction away from the exter- 
nally threaded portion of the rod while it is engaged 
with the sleeve. Suitable sleeve advancing means 
include a knurled knob threaded upon a second 

25 externally threaded portion of the elongated rod on 
the opposite side of the externally smooth portion 
than the aforementioned first externally threaded 
portion, or a spreader tool which interacts with 
ratchets provided on the elongated rod on said 

30 opposite side of its externally smooth portion. 

By using the preferred implantation technique 
and insertion instrument described above, with the 
hollow sleeve of the instrument positioned behind 
and forcing the plunger of the implant into the 

35 expansion sleeve, the novel expansion sleeve and 
plunger-containing bone implant of the invention 
can be readily inserted into the prepared cavity in 
the patient's bone in a simple surgical procedure 
involving low consumption of time and minimal risk 

40 of surgical error or equipment malfunction and hav- 
ing highly .reproducible results from case to case. 
The same insertion instrument can be used with 
bone implants of different length. The feature that 
the sleeve advancing means positively prevents 

45 rearward movement of the sleeve along the rod is 
significant because it permits the surgeon to read- 
ily stop advancement of the plunger during its 
insertion into the expansion sleeve without releas- 
ing the compressive force being placed upon the 

so plunger by the hollow sleeve of the insertion instru- 
ment. 

Another aspect of the present invention is a 
novel elongated bone plate having an upper sur- 
face intended to face away from the patient's bone 
55 that is wider than a lower surface intended to face 
towards the patient's bone, and two side surfaces 
connecting the upper and lower surfaces which are 
tapered inwardly toward one another in the direc- 
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tion from the upper surface to the lower surface. 
The bone plate has a substantially constant thick- 
ness between the two side surfaces and is adapted 
to be secured to a patient's bone by means of 
bone fasteners received in apertures in the bone 
plate. Because the lower surface adjacent the bone 
is thinner (preferably 70% to 90% in width) than 
the upper surface at which stresses from phys- 
iological bending moments applied to the plate 
tend to be at a maximum, the necessary periosteal 
tissue stripping adjacent the bone for implantation 
purposes can be reduced without excessively sac- 
rificing the strength of the bone plate under bend- 
ing. In one preferred embodiment said upper and 
lower surfaces are defined in transverse bone plate 
cross-sections by arcs of two concentric circles, 
while the two side surfaces are defined therein by 
two straight radial lines passing through the com- 
mon center of said concentric circles. 

It is also preferred that an elongated bone plate 
of this aspect of the invention comprise two parallel 
integral downwardly-extending rails located at op- 
posite sides of the lower surface and extending 
along substantially the entire length of the bone 
plate. These two rails serve to lift the lower surface 
of the bone plate away from the surface of the 
patient's bone so as to permit enhanced 
vascularization of the bone directly beneath the 
lower surface and thus avoid any excessive weak- 
ening of that bone tissue. 

As has been discussed above in connection 
with the modular femoral implant kit or system of 
the invention, it is highly advantageous to provide 
an elongated bone plate that can be readily con- 
nected to the elongated plate portion of another 
surgical implant in a simple, foolproof, non-time 
consuming surgical method so as to effectively 
provide an extension of the length of said elon- 
gated plate portion. The other surgical implant may 
be, for example, another bone plate, an angled side 
plate, a distal buttress plate, or the like. Thus, a 
further advantage of the novel elongated bone plate 
of the invention is that it can be readily connected 
to a surgical implant having an elongated plate 
portion adapted to be secured to a patient's bone 
by means of bone fasteners received in apertures 
in the elongated plate portion, which plate portion 
has upper and lower surfaces, with a cavity being 
formed in the lower surface of the plate portion at a 
free end thereof, said cavity extending longitudi- 
nally from said free end to a shoulder defining an 
end of the cavity and said cavity having a trans- 
verse cross-section complementary to that of the 
elongated bone plate of the invention. An important 
consequence of the complementary designs of the 
transverse cross-sections, including downwardly-in- 
wardly tapered side walls, of the surgical implant 
cavity and elongated bone plate is that the bone 



plate "dovetails" with the surgical implant so that it 
can enter and be removed from the cavity in the 
surgical implant only by relative axial movement 
through the cavity opening at the free end of the 

5 elongated plate portion of the surgical implant. 
Also, no relative rotation is permitted between the 
surgical implant and bone plate. When the end of 
the bone plate abuts the shoulder at the other end 
of the cavity, no relative translational movement is 

to possible between the surgical implant and bone 
plate except for axial separation. By insuring that at 
least one bone fastener-receiving aperture in the 
elongated plate portion of the surgical implant over- 
lies a bone fastener-receiving aperture in the bone 

75 plate when the plate is inserted into said cavity in 
the surgical implant and abuts the shoulder at the 
end of the cavity, a stable and secure assembly of 
surgical implant and bone plate, in which the length 
of the elongated plate portion of the surgical im- 

20 plant is effectively extended by the elongated bone 
plate, can be realized when the assembled surgical 
implant and bone plate are secured together to the 
patient's bone. 

The present invention comprises additionally a 

25 novel distal buttress plate adapted to be secured to 
the outer cortical wall of the lateral distal femur by 
means of bone fasteners received in apertures in 
the plate. The plate includes a relatively flat elon- 
gated proximal portion adapted to be secured to 

30 the lateral distal femoral shaft and a relatively 
curved distal portion, curved out of the plane of the 
proximal portion, adapted to be secured to the 
lateral distal femoral condyle. 

For injuries including a sagital fracture through 

35 the distal epiphyseal bone, it is highly desirable to 
use a distal buttress plate in conjunction with at 
least two lag screws used for fracture reduction in 
the distal condylar region, with these lag screws 
being positioned in close proximity to, but not 

40 passing through, the distal portion of the buttress 
plate. Thus, in accordance with this aspect of the 
invention, two spaces for the accommodation of a 
pair of lag screws are left adjacent the sides of a 
thin neck connecting a wider, generally rounded 

45 head at the distal end of said distal portion and a 
still wider distal portion body having a greater 
maximum width than the elongated proximal por- 
tion of the buttress plate. Preferably, at least one 
elongated aperture capable of receiving two bone 

50 fasteners is provided in the distal portion head and 
a pair of such elongated apertures, one on each 
side of the body, are provided in the distal portion 
body. It is also preferred that the relatively flat 
proximal portion of the buttress plate be provided 

55 with an appropriately dimensioned cavity for a 
"dovetailed" connection to the novel bone plate of 
the invention in the manner and fpr the purposes 
described above. 
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Yet another aspect of the present invention is 
directed to a novel bone implant assembly for the 
stabilization of a fractured femur comprising an 
elongated cross-member having a leading portion 
adapted to be received within a cavity in the fern- 5 
oral head and grip the femoral head and a trailing 
portion adapted to extend from the leading portion 
into the intertrochanteric region of a patient's fe- 
mur, with said trailing portion being provided with a 
cylindrical through bore, which through bore is at w 
an oblique angle with respect to the longitudinal 
axis of the cross-member so that it can be brought 
into approximate alignment with the femoral in- 
tramedullary canal when the leading portion of the 
cross-member is inserted into the femoral head; an 75 
intramedullary rod having a distal end portion and a 
proximal end portion, with the maximum diameter 
of said proximal end portion being just slightly less 
than that of the cylindrical through bore in the 
trailing portion of the elongated cross-member so 20 
that said proximal end portion can be received in a 
close sliding fit within said through bore permitting 
rotational and translational adjustment of the cross- 
member with respect to the intramedullary rod; and 
distinct, positive and active means to releasably 25 
lock the elongated cross-member and intramedul- 
lary rod to prevent their relative translational and 
rotational movement when assembled together. 
The elongated cross-member may be a single in- 
tegral piece or, alternatively, may comprise two or 30 
more non-integral pieces adapted to be connected 
in use. Thus, for example, the cross-member may 
comprise a first piece adapted to grip the femoral 
head and a second piece non-integral therewith 
adapted to be releasably locked to the intramedul- 35 
lary rod and adapted to receive the first piece in 
use in an unlocked sliding fit. As used herein, the 
term "distinct, positive and active means to releas- 
ably lock the elongated cross-member and in- 
tramedullary rod" refers to one or more structural 40 
elements, distinct from the surfaces of the elon- 
gated intramedullary rod and the through bore in 
the cross-member, that are capable of actuation 
after the intramedullary rod and the cross-member 
have already been assembled together to effect a 45 
positive releasable locking of the intramedullary rod 
and cross-member. The presence of such releas- 
able locking means, ejj. a locking screw in an 
internally threaded bore in the cross-member 
adapted to be screwed so as to firmly press a 50 
locking shoe against the proximal end portion of 
the intramedullary rod, greatly facilitates the obtain- 
ing of the precise desired relative disposition of the 
intramedullary rod and elongated cross-member in 
a particular clinical case. 55 

Preferably, the elongated intramedullary rod 
has a circumferentially-closed cross-section and is 
provided with a plurality of longitudinal splines ar- 



ound its circumference to prevent axial rotation of 
the implanted rod with respect to the patient's 
femur and provide enhanced vascularization of 
bone tissue adjacent the rod outer surface, and the 
releasable locking means comprises a locking 
screw and locking shoe held within a bore in the 
cross-member. The locking shoe has an exterior 
surface that is complementary to the longitudinally- 
splined outer surface of the intramedullary rod, and 
which is pressed against the outer surface of the 
intramedullary rod when the locking screw is ad- 
vanced in said bore. More preferably, the elon- 
gated cross-member and the intramedullary rod are 
made of a resilient titanium-base alloy. Most prefer- 
ably, the intramedullary rod is an extruded hollow 
body made of Ti-3AI-2.5V alloy. 

Additionally, another aspect of the present in- 
vention is a novel cancellous or cortical bone screw 
made of a resilient titanium-base alloy having a 
head and a partially or fully threaded shank, with 
an axially-extending recess of generally star- 
shaped cross-section (ag. a Torx(TM)-drive or 
Pozidriv (TM) recess) having substantially parallel 
axially-extending walls being provided in the screw 
head for receipt of a driving instrument for the 
screw. The design of the driving instrument-receiv- 
ing recess of the novel screw renders the screw far 
less susceptible to fretting than e.g. a slotted 
screw, thereby facilitating its insertion" into a pa- 
tient's bone and making practical the use of a 
resilient titanium-base alloy as the material of con- 
struction for the screw. 

Other aspects of the present invention will be 
apparent from a reading of the specification and 
claims herein in their entirety. 

The invention will be described in detail with 
reference to various preferred embodiments there- 
of. Reference to these embodiments does not limit 
the scope of the invention, which is limited only by 
the scope of the claims. In the drawings: 

FIG. 1 is an exploded side elevational view of an 
epiphyseal/metaphyseal implant of the present 
invention including an expansion sleeve and an 
elongated plunger; 

FIG. 2 is a longitudinal sectional view of the 
expansion sleeve of the implant of FIG. 1 in the 
rest position of the sleeve, taken along a plane 
including the longitudinal axis of the sleeve; 
FIG. 2A is an end view of the expansion sleeve 
of FIG. 1 in the rest position of the sleeve; 
FIGS. 3 to 5 are longitudinal sectional views of 
the implant of FIG. 1, taken along a plane in- 
cluding the common longitudinal axis of the 
plunger and sleeve, showing three stages in the 
insertion of the plunger into the sleeve held in a 
patient's bone; 

FIG. 6 is a top plan view of a proximal angled 
side plate included in a modular implant system 
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or kit of the invention; 

FIG. 7 is a sectional view taken along line 7-7 of 
FIG. 6; 

FIG. 8 is a sectional view taken along line 8-8 of 
FIG. 6; 

FIG. 9 is a top plan view of an elongated bone 
plate included in a modular implant system of 
the invention; 

FIG. 10 is a sectional view taken along line 10- 
10 of FIG. 9; 

FIGS. 11 A and 11 B are side elevational views of 
a pair of cortical bone screws of different shank 
lengths included in a modular implant system of 
the Invention; 

FIGS. 12A and 12B are side elevational views of 
a pair of cancellous bone screws of different 
shank lengths included in a modular implant 
system of the invention; 

FIG. 13 is an enlarged top plan view of each of 
the cortical bone screws of FIGS. 11A and 11B; 
FIG. 14 is a sectional view taken along line 14- 
14 of FIG. 9 showing the permitted side-to-side 
angulation of one of the cortical bone screws of 
FIG. 11A within one of the bone screw-receiving 
apertures provided in the bone plate of FIG. 9; 
FIG. 15 is a lateral elevational view of the 
epiphyseal/metaphyseal implant of FIG. 1, the 
proximal angled side plate of FIG. 6, the elon- 
gated bone plate of FIG. 9 and a plurality of 
cortical bone screws of the type shown in FIGS. 
11 A and 11B, all connected together and se- 
cured to a patient's femur, with the femur shown 
partly in section; 

FIG. 16 is a sectional view taken along line 16- 

16 of FIG. 15; 

FIG. 17 is a sectional view taken along line 17- 

17 of FIG. 15; 

FIG. 18 is a side elevational view of a surgical 
implant insertion instrument of the invention 
shown assembled with the expansion sleeve and 
elongated plunger of the implant of FIG. 1; 
FIG. 18A is a sectional view taken along line 
18A-18Aof FIG. 18; 

FIG. 19 is a side elevational view of an in- 
tramedullary rod having an anterior-posterior 
bow included in a modular implant system of 
the invention; 

FIG. 20 is another side elevational view of the 
intramedullary rod of FIG. 19, as viewed in a 
direction perpendicular to that of FIG. 19; 
FIG. 21 is a sectional view taken along line 21- 
21 of FIG. 19; 

FIG. 22 is a longitudinal view, partially in sec- 
tion, of a proximal end region of an intramedul- 
lary rod of the type shown in FIG. 19, illustrating 
the optional feature of a detachable hollow 
sleeve secured to the proximal end portion of 
the intramedullary rod; 



FIG. 23 is a top plan exploded view of an 
elongated intramedullary rod- 

epiphyseal/metaphyseal implant connection 
piece, locking screw and locking shoe included 

5 in a modular implant system of the invention; 

FIG. 24 is a front view, partially in section, of the 
articles shown in FIG. 23; 
FIG. 25 is an elevational view of an 
epiphyseal/metaphyseal implant of the type 

10 shown in FIG. 1 but of shorter length, the in- 
tramedullary rod of FIG. 19 and the connection 
piece, locking screw and locking shoe of FIG. 
23, all connected together and secured to a 
patient's femur, with the femur shown in section, 

r5 wherein the epiphyseal/metaphyseal implant and 
connection piece form together an elongated 
cross-member; 

FIG. 26 is a bottom plan view of a distal angled 
side plate included in a modular implant system 
20 of the invention; 

FIG. 27 is a sectional view taken along line 27- 
27 of FIG. 26; 

FIG. 28 is an elevational view of an 
epiphyseal/metaphyseal implant of the type 

25 shown in FIG. 1 but of shorter length, the distal 
angled side plate of FIG. 26, the elongated bone 
plate of FIG. 9 and a plurality of cortical bone 
screws of the type shown in FIGS. 11A and 11 B, 
all connected together and secured to a pa- 

30 tienfs femur, with the femur shown in section; 

FIG. 29 is a top plan view of a distal buttress 
plate included in a modular implant system of 
the invention; 

FIG. 30 is a side elevational view of the distal 
35 buttress plate of FIG. 29; 

FIG. 31 is an elevational view of the distal but- 
tress plate of FIG. 29, the elongated bone plate 
of FIG. 9 and a plurality of cortical and cancel- 
lous bone screws of the type shown in FIGS. 
40 11 A, 11B, 12A and 12B, all connected together 
and secured to a patient's distal femur, with the 
femur shown in section; and 
FIGS. 32A and 32B are side elevational views of 
a pair of cortical bone screws of different shaft 
45 lengths suitable for use as distal locking screws. 

Except as otherwise indicated, all of the im- 
plants shown in FIGS. 1 to 32B depicting various 
preferred embodiments of the invention are made 
of a resilient, physiologically-inert titanium-base al- 
so loy. 

An elongated epiphyseal/metaphyseal implant 
1 of the invention is shown in FIG. 1. Implant 1 
comprises an integral substantially cylindrical ex- 
pansion sleeve 3 and an elongated plunger 5. 
55 Sleeve 3 includes a smoothly rounded 
circumferentially-closed dome 7 at one end, a 
circumferentially-closed circular ring 9 at the op- 
posite end, and a plurality (eight in the embodi- 
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ment shown in FIGS. 1 to 5) of identical substan- 
tially straight elongated thin resilient strips 11 ex- 
tending between, and connected at their opposed 
ends by and to, dome 7 and ring 9. A centrally- 
disposed threaded axial through bore 15 is pro- 
vided in dome 7 for releasably securing an elon- 
gated insertion rod to the dome. Strips 11 have 
textured outer surfaces to enhance the bone-grip- 
ping action of the implant and define together the 
cylindrical wall of sleeve 3, which sleeve wall has in 
the rest position of the sleeve an outer diameter 
essentially equal to the outer diameter of ring 9. As 
is shown in FIG. 2, each of the strips 11 is of 
varying thickness along its length so that the 
sleeve wall has in the rest position of the sleeve an 
inner diameter in a region n adjacent ring 9 equal 
to the inner diameter of ring 9 and an inner diam- 
eter in a region r2 spaced from ring 9 reduced from 
the inner diameter of ring 9. The strips 11 do not 
touch each other along their lengths in the rest 
position of the sleeve, but are instead separated by 
an equal number of longitudinal openings, e.g. 13. 

Plunger 5 includes at one end thereoTa sub- 
stantially cylindrical body portion 17 having a diam- 
eter essentially equal to the inner diameter of ring 
9 of sleeve 3, and a cylindrical stem portion 19 
having a smaller diameter than body portion 17 
extending from body portion 17 to the other end of 
the plunger. Plunger 5 is cannulated along its lon- 
gitudinal axis, as shown in FIG. 1. An internally 
threaded recess 20 is provided at the trailing end 
of stem portion 19 for engagement with an exter- 
nally threaded tool to remove plunger 5 from the 
patient's bone after implantation, if desired. 

The body portion 17 of plunger 5 includes a 
/aised annular lip 18 adjacent the trailing end of 
portion 17, a groove 10 is provided in the inner wall 
of ring 9 and a plurality (eight in the embodiment 
shown in FIGS. 1 to 5) of relatively short slots 12 
(open at the trailing edge of ring 9) are provided in 
the closed ring 9, all for a purpose to be described 
below. 

FIGS. 3 to 5 show how bone implant 1 is 
actuated to grip a patient's bone B at the leading 
end portion of the implant. The expansion sleeve 3 
is inserted into and held within a cylindrical cavity 
C in the patient's bone B by means of an insertion 
rod 21 having an externally threaded end portion 
23 screwed into the internally threaded bore 15 of 
sleeve 3. Insertion rod 21 extends along the lon- 
gitudinal axis of sleeve 3 and is cannulated to fit 
over a guide wire 25. Cannulated plunger 5, which 
is in a sliding fit over rod 21 , is advanced along rod 
21 towards sleeve 3 (Le. from left to right in FIG. 3) 
with its substantially cylindrical body portion 17 in 
the leading position. After the body portion 17 of 
plunger 5 first contacts the elongated strips 1 1 at 
the beginning of region r 2 (see FIG. 4), the contin- 



ued advancement of plunger 5 into the interior of 
sleeve 3 causes the eight strips 11 to expand 
radially outwardly against the wall of the cavity C 
and securely grip the patient's bone B. When the 
5 plunger 5 is fully advanced within the expansion 
sleeve 3 (see FIG. 5), the raised lip 18 fits into the 
groove 10 to lock the sleeve 3 and plunger 5 
against an undesired axial disengagement after im- 
plantation of the implant 1. The equally-spaced 
70 (circumferentially) slots 12 impart a slight resiliency 
to the ring 9 which allows the rib 18 to snap into 
the groove 10. Additionally, when the plunger is 
fully advanced within the sleeve, the cylindrical wall 
of the sleeve 3 has taken on a generally barrel- 
75 shaped contour, which results from the fact that the 
opposite ends of each strip 1 1 are fixed to dome 7 
and ring 9, respectively. Since the expansion 
sleeve 3 is made of a resilient material the strips 
11 expand radially outwardly in elastic deformation 
20 when the plunger 5 is fully advanced into the 
expansion sleeve 3. If desired, an extrudable bone 
cement or bone filler material can be inserted into 
the sleeve 3 so that when the plunger 5 is ad- 
vanced into the sleeve 3 the bone cement or bone 
25 filler is extruded through the openings 13 to the 
sleeve-bone interface. 

An insertion instrument 27 of the invention for 
use in the implantation of bone implant 1 is shown 
in FIG. 18 assembled with sleeve 3 and plunger 5. 
30 Insertion instrument 27 includes the elongated 
axially-cannulated insertion rod 21 (upon which 
plunger 5 can slide) having an externally threaded 
end portion 23 adapted to be screwed into thread- 
ed bore 15 in dome 7 of sleeve 3 and an externally 
35 smooth portion 29 extending from the threaded 
portion 23, a hollow sleeve 31 capable of sliding 
movement upon smooth portion 29, a handle 33 
and a means 35 for advancing the hollow sleeve 31 
along the smooth portion 29 of rod 21 towards the 
40 externally threaded portion 23 of rod 21. The 
sleeve advancing means 35 comprises a knurled 
knob 37 threaded upon an externally threaded por- 
tion 39 of the elongated rod 21. As knob 37 is 
turned it pushes against sleeve 31. Preferably, a 
45 nylon washer (not shown in the figures) is fitted 
between knob 37 and sleeve 31. A guide pin 41 
provided on the inner wall of sleeve 31 is received 
within a longitudinal groove provided in threaded 
portion 39 (see FIG. 18A). In use, the surgeon 
so holds handle 33 in one hand and turns knob 37 
with the other hand to advance hollow sleeve 31 
toward the expansion sleeve 3. The hollow sleeve 
31 abuts the plunger 5, which is also fitted on the 
insertion rod 21, and thus in turn forces plunger 5 
55 along the rod until the plunger is advanced into the 
expansion sleeve 3. As the cylindrical body portion 
1 7 of the plunger 5 is being pressed by knob 37 
and hollow sleeve 31 against the elongated strips 
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1 1 of the expansion sleeve 5 and forcing the strips 
1 1 to expand, the surgeon can stop advancement 
of the plunger into the expansion sleeve (to rest, to 
assess the surgical situation, or for any other rea- 
son) without relaxing the force being placed on the 5 
plunger by the insertion instrument 27. In such a 
situation movement of hollow sleeve 31 and plung- 
er 5 along insertion rod 21 away from expansion 
sleeve 5 is positively prevented by the structure of 
the sleeve advancing means 35. io 

After the implantation of the expansion sleeve 3 
and the plunger 5 has been completed, with the 
plunger fully advanced within the interior of the 
sleeve, the guide wire 25 and the insertion rod 21 
are removed from the patient's bone, although it is is 
contemplated that an appropriately dimensioned in- 
sertion rod and/or guide wire might be left in place 
in the patient's bone to form a part of the implanted 
elongated bone implant. 

A proximal angled side plate 43 which may be 20 
included in a modular implant system or kit of the 
invention is shown in FIGS. 6 and 7. Proximal 
angled side plate 43 includes an elongated plate 
portion 45 adapted to be secured to the outer 
cortical wall of the femoral shaft and an integral 25 
hollow sleeve 47 extending from one end of plate 
portion 45. The elongated plate portion 45 has an 
upper surface 49 and a lower surface 51 intended 
to be adjacent the patient's bone in use, while the 
hollow sleeve 47 is provided with a longitudinal 30 
cylindrical through bore 53 extending from upper 
surface 49 to the free end of hollow sleeve 47. As 
shown in FIG. 7, the elongated plate portion 45 and 
hollow sleeve 47 are oriented at an oblique angle 
of about 130* -150* so that hollow sleeve 47 is 35 
adapted to extend into the intertrochanteric region 
of the femur when elongated plate portion 45 is 
secured to the outer cortical wall of the adjacent 
femoral shaft. 

As used herein, the term "adapted to be se- aq 
cured to the outer cortical wall" of a bone ( e.g. a 
femur) means that an implant is adapted to be 
secured to a bone in such a way that it abuts the 
outer cortical wall of the bone. As one example, an 
implant may be provided with a plurality of ap- 45 
ertures along its length for the receipt of bone 
fasteners (e.g. bone screws, nails, pins, bolts, riv- 
ets, or thelike) used to secure the implant to the 
outer cortical wall. 

As is shown in FIGS. 6 and 7, three circular 50 
through apertures 55, 57 and 59 are provided in 
the elongated plate portion 45 of the proximal an- 
gled side plate 43 for the receipt of three bone 
screws, one in each aperture. These three ap- 
ertures are staggered with respect to the longitudi- 55 
nal axis of plate portion 45 (see FIG. 6) in order to 
reduce stress concentrations in the secured plate 
portion and in the bone. As shown in FIG. 7, the 



upper portions 61 of the walls of apertures 55, 57 
and 59 adjacent upper surface 49 are preferably 
identical, concave-upward spherical surfaces. 
These identical spherical surfaces are adapted for 
cooperation with spherically-headed cortical and 
cancellous bone screws, as is discussed below. 
Two of these apertures, 57 and 59, communicate 
with an elongated cavity 63 formed in the lower 
surface 51 of plate portion 45, which cavity extends 
longitudinally from the free end 65 of plate portion 
45 to a shoulder 67. Cavity 63 is adapted to 
receive an end portion of an elongated bone plate 
of the invention in a sliding fit, as will be described 
below. The lower surface 51 of elongated plate 
portion 45 is slightly curved (as viewed in trans- 
verse cross-sections of plate portion 45 (see FIG. 
8)) to conform to the outer cortical wall of a femur. 

An elongated bone plate 69 of the invention 
adapted to be secured to a patient's bone is shown 
in FIGS. 9 and 10. Bone plate 69 has an upper 
surface 71, a lower surface 73 intended to be 
adjacent the patient's bone in use and two side 
surfaces 75 and .77 connecting surfaces 71 and 73. 
Bone plate 69 is provided with for example six 
identical elongated through apertures, ejj. 79, 80 
and 85, for the receipt of bone screws - used to 
secure the plate to a patient's bone, e.g. to the 
outer cortical wall of the femoral shaft. Some other 
number (odd or even) of elongated through ap- 
ertures than six may be provided in the bone plate 
of the invention, if desired. Preferably, the elon- 
gated apertures are alternately offset from the lon- 
gitudinal axis of the bone plate (see FIG. 9) in 
order to reduce stress concentrations in the se- 
cured bone plate and in the bone and the separa- 
tion between the two centermost slots (e.g. the 
third and fourth slots in FIG. 9) is greater than the 
separation between other pairs of adjacent slots. As 
can be readily seen in FIG. 10, the width of upper 
surface 71 is greater than the width of lower sur- 
face 73, side surfaces 75 and 77 are tapered 
inwardly toward one another in the direction from 
surface 71 to surface 73 (Le. downwardly and in- 
wardly in FIG. 10), and the 'thickness T of the bone 
plate 69 is substantially constant across the bone 
plate from side surface 75 to side surface 77. In 
the embodiment of FIGS. 9 and 10, bone plate 69 
includes two parallel rails 81 and 83 located at the 
opposite sides of lower surface 73, which rails 
extend along substantially the entire length of plate 
69. In use, only rails 81 and 83 contact the surface . 
of the patient's bone to minimize interference with 
bone or periosteal vascularity. 

An important feature of bone plate 69 is that its 
transverse cross-sectional dimensions are comple- 
mentary to those of the cavity 63 in the elongated 
plate portion 45 of the proximal angled side plate 
43. Thus, either end of bone plate 69 can be 
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inserted into cavity 63, but because of the tapered 
side surfaces of the bone plate and cavity the bone 
plate 69 can enter and be removed from the cavity 
63 only by relative axial movement through the 
opening of cavity 63 at the free end 65 of plate 
portion 45. Separation or joining by relative move- 
ment in the vertical direction is not permitted and 
the bone plate 69 cannot rotate with respect to the 
proximal angled side plate 43 when it is inserted 
within the cavity 63 (see FIG. 17 for a depiction of 
the "dovetail" interlock between plate portion 45 
and bone plate 69). When either end of bone plate 
69 is inserted into cavity 63 and the end of the 
bone plate abuts shoulder 67, apertures 57 and 59 
in the angled side plate 43 overlie apertures 79 and 
85, respectively, in the bone plate 69. Thus, with 
the use of two bone screws passed through the two 
overlying pairs of apertures and threaded into the 
patient's bone, bone plate 69 can be secured to 
the elongated plate portion 45 of side plate 43 in 
axial alignment in a stable and secure connection 
so as to provide an effective extension of the 
length of plate portion 45 in vivo. 

In a preferred modular system of the invention 
three bone plates of varying length of the type 
shown in FIG. 9 are provided, having four, six and 
eight elongated apertures respectively, for use ei- 
ther independently or to extend the length of side 
plates. 

Elongated bone plate 69 may also be used by 
itself as a conventional bone plate in the treatment 
of, for example, diaphyseal femoral fractures. The 
six apertures in the plate are elongated to be able 
to receive either one or two screws each in use. 
Preferably, the upper portions 107, adjacent upper 
surface 71, of the identical apertures are 
spherically-rounded concave-upward all the way ar- 
ound trie aperture. These identical spherically- 
rounded surfaces are adapted for cooperation with 
spherically-headed cortical and cancellous bone 
screws, as is discussed below. 

Bone plate 69 is preferably slightly curved (as 
viewed in transverse cross-sections such as FIG. 
10) to conform to the shape of the human femoral 
shaft. In the preferred embodiment shown in FIG. 
10, upper surface 71 and lower surface 73 are 
defined in transverse bone plate cross-sections by 
arcs of two concentric circles having a center 0, 
while side surfaces 75 and 77 are defined by two 
straight lines which, when extended, pass through 
center 0 and form together an angle A. 

A pair of self-tapping cortical bone screws 89 
and 91 which may be included in a modular im- 
plant system of the invention are shown in FIGS. 
11A and 11B. Screws 89 and 91 have identical 
heads 93 and identical shanks 97 and 99 externally 
threaded along essentially the entire shank length, 
with the single exception that shank 97 of screw 89 



is longer than shank 99 of screw 91. A pair of self- 
tapping cancellous bone screws 101 and 103 which 
may be included in a modular implant system of 
the invention are shown in FIGS. 12A and 12B. The 

5 heads 93 of screws 101 and 103 are identical to 
the heads of cortical screws 89 and 91, while the 
shanks of cancellous screws 101 and 103, which 
are externally threaded adjacent the free shank end 
only, are identical with the single exception that the 

to shank of screw 101 has a longer unthreaded por- 
tion than the shank of screw 103. Another pair of 
self-tapping cortical bone screws 90 and 92 are 
shown in FIGS. 32 and 32A. These screws are 
identical to screws 89 and 91 except that a portion 

75 of the shanks of screws 90 and 92 is not threaded. 
As is shown in FIG. 13, an identical axially-extend- 
ing recess 95 having parallel axialiy-extending walls 
is provided in each of the identical heads 93 of 
screws 89, 91, 90, 92, 101 and 103 for the receipt 

20 of a screw-driving instrument (e.g. a screwdriver). 
The recess is generally star-shaped in cross-sec- 
tion, ejj. the generally star-shaped Torx (TM)-drive 
cross-section shown in FIG. 13 or the generally 
star-shaped cross-section of a Pozidriv (TM) re- 

25 cess. If desired, the cortical and/or cancellous bone 
screws may be reduced in one or more steps in 
diameter or tapered towards the free shank end for 
increasing grip strength on the neighboring femoral 
cortex. 

30 Another important feature of the design of 
screw head 93 is that the underside 105 of head 93 
is spherically-rounded and substantially comple- 
mentary with the spherically-rounded upper por- 
tions of the walls of the screw-receiving apertures 

35 in angled side plate 43 and elongated bone plate 
69. FIG. 14 shows the permitted side-to-side an- 
gulation of one of the four screws of FIGS. 11 A, 
11B, 12A and 12B (shown in phantom lines) within 
one of the screw-receiving apertures (i.e. aperture 

40 80) provided in the bone plate 69. "As a con- 
sequence of the substantially complementary 
spherically-rounded surfaces of head underside 
105 and the upper portion 107 of the wall of 
aperture 80, screw 89 is capable of rotating 

45 through an angle of about 30 ' in a plane per- 
pendicular to the longitudinal axis of bone plate 69. 
Essentially unrestricted angulation is permitted in a 
plane parallel to the longitudinal axis of the bone 
plate. However, when bone screw 89 is positioned 

50 fully at the end of aperture 80 unrestricted angula- 
tion is permitted in one direction only in a plane 
parallel to the longitudinal axis of the bone plate 
while only about a 15* rotation from the vertical is 
permitted in the opposite direction in said plane. 

55 The radius of the spherically-rounded surface of 
the upper portion 61 of the apertures 55, 57 and 59 
in the angled side plate 43 is equal to the radius in 
the transverse plane of FIG. 14 of the surface of 
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the upper portion 107 of aperture 80 of bone plate 
69. Thus, screws 89, 91, 101 and 103 are capable 
of a universal rotation with respect to the elongated 
plate portion 45 within a cone having an apex angle 
of about 30* when fully advanced within one of the 
apertures 55, 57 and 59. (However, when the an- 
gled side plate is connected with an elongated 
bone plate this freedom of rotation is restricted 
considerably for the two screws passing through 
both plates.) The substantial allowed angulation of 
bone screws within an elongated bone plate or 
angled side plate enhances capabilities for adapta- 
tion to the fixation of oblique fractures and complex 
fracture patterns such as butterfly fractures. This 
angulation permits the bone screws to extend ap- 
proximately normally to many fracture lines and 
serves to increase the number of bone fragments 
that can be directly gripped by at least one screw. 

Elongated epiphyseal/metaphyseal implant 1, 
proximal angled side plate 43, elongated bone 
plate 70 having four elongated apertures and a 
plurality of the cortical bone screws 89 can be 
connected together and secured to a patient's right 
femur F in the manner shown in FIGS. 15 to 17 to 
form an angled side plate-hip pin assembly with 
the effective length of the elongated plate portion 
of the angled side plate extended by the elongated 
bone plate. The implant 1 is first implanted within a 
cavity prepared in the proximal femur, which cavity 
must be widened adjacent its open end to accom- 
modate hollow sleeve 47, said sleeve 47 of side 
plate 43 is then inserted into the cavity so that a 
portion of the cylindrical stem portion 19 of plunger 
5 is received in a sliding fit within the cylindrical 
bore 53 of sleeve 47, one end of bone plate 70 is 
slid into cavity 63 of side plate 43 until it abuts 
shoulder 67, and the entire assembly is then se- 
cured to the femur F with a plurality of cortical 
bone screws 89 passed through apertures in side 
plate 43 and bone plate 70. If desired, one or more 
conventional fixation pins (e.g. Knowles pins) un- 
connected to implant 1 and~ahgled side plate 43 
may also be implanted, with an orientation substan- 
tially parallel to the orientation of implant 1 shown 
in FIG. 16. Bone plate 70 can, of course, be omit- 
ted from the assembly of FIG. 16 if the length of 
plate portion 45 is sufficient without extension in a 
particular surgical situation. 

A femoral intramedullary rod 109 which may be 
included in a modular implant system or kit of the 
invention is shown in side elevational views in 
FIGS. 19 and 20 as viewed in perpendicular direc- 
tions. Rod 1 09 has a proximal end 111 and a distal 
end 113 and a pair of transverse through bores 115 
adjacent distal end 113 to receive bone screws 90. 
One or two through bores 116 to receive locking 
bone screws may also be included adjacent proxi- 
mal end 111. Rod 109 has a distal end portion 117 



and a straight proximal end portion 119. As is 
shown in FIG. 19, rod 109 has a slight bow, which 
is intended to lie in the anterior-posterior plane of 
the femur after implantation; no such bow is exhib- 

5 ited in FIG. 20, since rod 109 is intended to be 
straight in the lateral-medial plane after implanta- 
tion. The transverse cross-section of rod 109 is 
shown in FIG. 21. This cross-section has a closed 
profile, with the outer periphery of the cross-section 

70 being a plurality of (ejj. six) smoothly rounded 
peaks ( e.g. 121), all terminating on the same first 
circle, connected by an equal number of smoothly 
rounded valleys (e.g. 123), all bottoming on the 
same second circkTconcentric with and of smaller 

rs diameter than said first circle. The provision of 
these alternating peaks and valleys greatly en- 
hances the stability of the implanted rod 109 
against axial rotation with respect to the patient's 
bone, while their smoothly rounded nature greatly 

20 reduces the possibilities for damaging the bone of 
the intramedullary wall. Furthermore, the alternately 
raised and lowered outer peripheral rod configura- 
tion shown in FIG. 21 provides for extensive re- 
vascularization of the bone tissue of the intramedul- 

25 lary canal wall following reaming. FIG. 21 also 
shows that rod 109 is axially cannuiated, with an 
axial bore 125 extending from the distal tip 127 of 
hollow rod 109 to the proximal tip 129 of the rod. A 
diametrical slot 120 is provided at proximal tip 129 

30 for engagement with appropriate insertion and ex- 
traction tools. 

An elongated connection piece 139, locking 
screw 141 and locking shoe 142 for connecting an 
epiphyseal/metaphyseal implant 1 to intramedullary 

35 rod 109 adjacent to the proximal end 111 of rod 
109 to form a Y-nail type of assembly are shown in 
FIGS. 23 and 24. Connection piece 139 is provided 
at one end with an elongated cylindrical cavity 143 
aligned with the longitudinal axis of piece 139 and 

ao adapted to receive the free end of stem portion 19 
of plunger 5 of implant 1 in a sliding fit. Connection 
piece 139 is also provided with a cylindrical 
through bore 145 disposed at an oblique angle of 
about 135* with respect to said longitudinal axis, 

45 and an elongated partially countersunk and partially 
internally-threaded bore 147 aligned with said lon- 
gitudinal axis at the end of the elongated connec- 
tion piece 139 opposite to cavity 143. Bore 147 is 
adapted to receive locking screw 141 and locking 

so shoe 142, and both bore 147 and cavity 143 open 
into through bore 145. The diameter of through 
bore 145 is just slightly greater than that of the 
maximum cross-sectional dimension of the proxi- 
mal end portion 119 of intramedullary rod 109 so 

55 that proximal end portion 119 can be received in a 
close sliding fit within through bore 145 permitting 
rotational and translational adjustment of the con- 
nection piece 139 with respect to the intramedul- 
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lary rod 109. Connection piece 139 and intramedul- 
lary rod 109 can be securely locked against rela- 
tive translational and rotational movement by 
screwing locking screw 141 forward in the partially 
threaded bore 147 behind the locking shoe 142 
until the leading surface 144 of locking shoe 142 
very firmly presses against the surface of proximal 
end portion 119, and then unlocked again if desired 
simply by unscrewing screw 141. The leading sur- 
face 144 of locking shoe 142 has a grooved con- 
tour adapted to fit closely and mesh with the splin- 
ed externa] contour of rod 109, thereby enhancing 
the secure locking of rod 109 to the connection 
piece 139. Locking screw 141 and locking shoe 
142 are assembled together in use, e.g. by a 
captured thread or staked head connection, to 
cause withdraw! of shoe 142 when screw 141 is 
unscrewed while permitting independent relative ro- 
tation between these two element during screwing 
and unscrewing of screw 141. 

In the alternative embodiment shown in FIG. 
22, a hollow sleeve 131 having a smooth cylindrical 
outer surface is detachably secured to the exterior 
of the proximal end portion 119 of intramedullary 
rod 109 (having the fluted cross-section of FIG. 21) 
by means of a locking screw 135 having a head 
and an externally threaded shank fitted through a 
centrally-disposed opening in the top wall of sleeve 
131 and threaded into an internally-threaded 
centrally-disposed bore 137 at the top of rod 109. 
An advantage of the embodiment of FIG. 22 is that 
the diameter of the straight proximal end of rod 
109 is effectively increased above that of the maxi- 
mum transverse dimension in the transverse cross- 
section of FIG. 21. The hollow sleeve 131 should 
extend distally at least to the point of maximum 
applied bending moment in normal use, which 
point of maximum bending moment is usually in 
the subtrochanteric region of the femur, but not all 
the way to the midway point along the length of rod 
109 between the distal and proximal tips 127 and 
129 of the rod. When hollow sleeve 131 is used, 
the contour of the leading surface of locking shoe 
142 should be adapted accordingly, or alternative- 
ly, the locking shoe can be eliminated and the 
locking screw used alone. 

Intramedullary rod 109, connection piece 139, 
locking screw 141, locking shoe 142 and a bone 
implant 1 can be connected together in the manner 
shown in FIG. 25 to form a Y-nail type of assembly 
in a femur F, with implant 1 and piece 139 forming 
together the elongated cross-member of the Y-nail. 
The epiphyseal/metaphyseal implant 1 is first im- 
planted into a cavity prepared in the proximal fe- 
mur, which cavity must be widened adjacent its 
open end to accommodate the connection piece 
139. Piece 139 is then advanced into the prepared 
bone cavity and oriented so that a portion of stem 



portion 19 of plunger 5 is received in a sliding fit 
within cavity 143 and through bore 145 is in ap- 
proximate alignment with the femoral intramedul- 
lary canal. Rod 109 is advanced distally through an 
5 opening prepared by conventional means in the 
proximal femur wall and through the through bore 
145 in piece 139 until the distal end portion 117 of 
rod 109 is in the distal femur and the proximal end 
portion 119 of the rod 109 is within the through 
io bore 145. The disposition of rod 109 with respect 
to the femur F and connection piece 139 is then 
carefully adjusted to the desired disposition, and 
connection piece 139 is then locked to intramedul- 
lary rod 109 by means of the locking screw 141 
75 and locking shoe 142. If desired a cortical bone 
screw 90 of the type shown in FIG. 32A of large 
shank length can be inserted by conventional 
methods through one or both of the transverse 
bores 115 to lock the rod 109 to the distal femur. 
20 Also, cap screw 135 may be screwed into bore 
137, even when sleeve 131 is not being used, to 
prevent bone ingrowth into the threads in bore 137. 

It is contemplated that a connection piece simi- 
lar to piece 139 could be used, if desired, to 
25 connect an epiphyseal/metaphyseal implant similar 
to implant 1 to the distal end portion 117 of in- 
tramedullary rod 109, with the 
epiphyseal/metaphyseal implant residing in the dis- 
tal condylar region of the femur and being substan- 
30 tially perpendicular to said portion 117. In such a 
case the through bore of the connection piece 
analogous to through bore 145 in piece 139 would 
be substantially perpendicular to the longitudinal 
axis of the connection piece. 
35 A distal angled side plate 149 which may be 

included in a modular implant system or kit of the 
invention is shown in FIGS. 26 and 27. Distal 
angled side plate 149 includes an elongated plate 
portion 151 adapted to be secured to the outer 
40 cortical wall of the distal femoral shaft and an 
integral hollow sleeve 153 extending from one end 
of plate portion 151. As is shown in FIG. 27, the 
plate portion 151 is slightly angulated in the vicinity 
of line R in order to accommodate the commence- 
45 ment of the anatomical bulge of the lateral distal 
femur. The elongated plate portion 151 has an 
upper surface 155 and a . lower surface 157 in- 
tended to be adjacent the patient's bone in use, 
while the hollow sleeve 153 is provided with a 
so longitudinal cylindrical through bore 159 extending 
from upper surface 155 to the free end of hollow 
sleeve 153. As shown in FIG. 27, the elongated 
plate portion 151 and hollow sleeve 153 are sub- 
stantially perpendicular so that hollow sleeve 153 is 
55 adapted to extend into the distal condylar region of 
the femur when elongated plate portion 151 is 
secured to the outer cortical wall of the adjacent 
distal femoral shaft. Through bore 159 is dimen- 
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sioned to receive a portion of the stem portion 19 
of the plunger 5 of an elongated 
epiphyseal/metaphyseal implant 1 in a sliding fit. 
The lower surface 157 is slightly curved in trans- 
verse cross-section in a similar manner as shown 
in FIG. 8 (for the proximal side plate 43) to conform 
to the outer cortical wall of a distal femur. 

Three circular through apertures 161, 163 and 
165 are provided in plate portion 151 for the re- 
ceipt of three bone screws (e.g. cortical screw 89), 
one in each aperture. TheseThree apertures are 
staggered with respect to the longitudinal axis of 
plate portion 151 (see FIG. 26) in order to reduce 
stress concentrations in the secured plate portion 
and in the bone. Apertures 161, 163 and 165 are 
identical respectively to apertures 55, 57 and 59 in 
the proximal angled side plate 43. The distal an- 
gled side plate 149 is also provided with an elon- 
gated cavity 167 formed in the lower surface 157 of 
plate portion 151. Cavity 167 is identical to cavity 
63 in the proximal angled side plate 43. Thus, 
cavity 167 is adapted to receive either end of 
elongated bone plate 69 in a "dovetail" interlocked 
sliding fit (see FIG. 17), and when the end of the 
bone plate abuts shoulder 169 apertures 163 and 
165 overlie the two terminal apertures, e.g. ap- 
ertures 79 and 85 respectively, in the bone plate 
69. 

The distal angled side plate 149, an elongated 
epiphyseal/metaphyseal implant 1 and a plurality of 
the cortical bone screws 89 can be connected 
together and secured to a patient's femur F in the 
manner shown in FIG. 28 to form a distal side 
plate-pin assembly with the effective length of the 
elongated plate portion of the side plate extended 
by the elongated bone plate. The preferred surgical 
procedure is analogous to the one described above 
with regard to the assembly of FIGS. 15 and 16. 
Bone plate 69 can, of course, be omitted from the 
assembly of FIG. 28 if the length of plate portion 
151 is sufficient without extension in a particular 
surgical situation. 

A distal buttress plate 171 of the invention 
adapted to be secured to the outer cortical wall of 
the lateral distal femur is shown in FIGS. 29 and 
30. Buttress plate 171 includes a relatively flat 
elongated proximal portion 173 adapted to be se- 
cured to the lateral distal femoral shaft and a three 
dimensionally-contoured distal portion 175 de- 
signed to replicate the mean geometry of the lat- 
eral femoral condyle of adult humans. The distal 
portion 175 includes a generally rounded head 177 
at the distal end of plate 171, a generally widened 
body 179 having a greater maximum width than 
both head 177 and proximal portion 173, and a 
neck 181 having a minimum width W substantially 
smaller than the maximum widths of head 177 and 
body 179. As viewed in transverse cross-sections, 



the lower surface of the distal buttress plate 171 is 
contoured along its entire length to conform to the 
outer cortical wall of the distal femur. 

Distal buttress plate 171 is adapted to be se- 

5 cured to the outer cortical wall of the lateral distal 
femur by means of bone screws received in ap- 
ertures in the plate. Thus, three circular through 
apertures 183, 185 and 187 are provided in proxi- 
mal portion 173 for the receipt of three bone 

70 screws (e.g. cortical screw 89), one in each ap- 
erture. These three apertures are staggered with 
respect to the longitudinal axis of proximal portion 
173 (see FIG. 29), and are identical respectively to 
apertures 55, 57 and 59 in the angled side plate 

75 43. Also, an elongated aperture 189 is provided in 
head 177 and two elongated apertures 191 and 193 
are provided in body 179, one on each side of 
body 179, Each of apertures 189, 191 and 193 is 
substantially identical to the apertures in the elon- 

20 gated bone plate 69 and thus are each configured 
to receive two (or one, if only one is desired) bone 
screws having a head 93 and permit the universal 
angulation of said screws when fully advanced in 
the aperture. 

25 Furthermore, it is often highly desirable to use 

a distal buttress plate in conjunction with a pair of 
fracture reduction lag screws extending across the 
distal condylar region of the femur. Such lag 
screws are screwed fully into the bone before the 

30 distal buttress plate is implanted and thus cannot 
practically be passed through the plate. An impor- 
tant feature of distal buttress plate 171 is that the 
distal portion 175 thereof is configured in such a 
manner that spaces outside the periphery of plate 

35 171 are left against neck 181 for the accommoda- 
tion of two fracture reduction lag screws, extending 
across the distal condylar region of the femur, on 
the two sides of neck 181. These two lag screws 
are shown in phantom in FIG. 29 as elements 195 

40 and 1 97. 

Finally, the distal buttress plate 171 is also 
provided with an elongated cavity 199 formed in 
the lower surface of the proximal portion 173. Cav- 
ity 199 is identical to, and is adapted to serve in 

45 the same bone plate- n dovetail" interlocking capac- 
ity as, cavity 63 in the angled side plate 43 and 
cavity 167 in the angled side plate 149. When the 
end of bone plate 69 inserted into cavity 199 abuts 
the shoulder 201 of the cavity, apertures 185 and 

so 187 overlie the two terminal apertures, e.g. ap- 
ertures 79 and 85 respectively, in the bone~plate 
69. 

Distal buttress plate 171, elongated bone plate 
69, a plurality of cortical bone screws such as 
55 screw 89 and a plurality of cancellous bone screws 
such as screw 101 can be connected together and 
secured to a patient's femur F in the manner 
shown in FIG. 31. First, two lag screws (not shown 
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in FIG. 31) are fully implanted in the distal condylar 
region, if desired, to reduce a fracture in said 
region. These implanted lag screws are positioned 
so that they lie generally in the lateral-medial plane 
and are spaced so that they will lie in close proxim- s 
ity to the two opposite sides of the neck 181 of 
portion 175 (see FIG. 29). The distal buttress plate 
171 is then secured to the lateral femur, with neck 
181 fitting between the two previously implanted 
fracture reduction lag screws, by means of bone w 
screws 101 passing through apertures 189, 191 
and 193 (one or two screws can be passed through 
each of apertures 189, 191 and 193, as desired) 
and a bone screw 89 passed through aperture 183. 
Bone plate 69 is then slid into cavity 199 until its is 
end abuts shoulder 201 and bone screws 89 are 
screwed to the femur F through apertures 185 and 
187. Finally, bone screws 89 are screwed to the 
femur F through some or all of the four apertures 
of bone plate 69 remaining outside of the cavity 20 
199. Distal buttress plate 171 can, of course, be 
implanted without bone plate 69 if the length of the 
proximal portion 173 is sufficient without extension 
for a particular surgical situation. 

25 

Claims 

1- A distal buttress plate (171) adapted to be 
secured to the outer cortical wall of the lateral 
distal femur by means of bone fasteners re- 30 
ceived in apertures in said plate, characterized 
in that said plate (171) includes a relatively flat 
elongated proximal portion (173) adapted to be 
secured to the lateral distal femoral shaft and a 
relatively curved distal portion (175) curved out 35 
of the plane of said proximal portion (173) 
adapted to be secured to the lateral distal 
femoral condyle, 

with said distal portion (175) comprising a 
generally rounded head (177) at the distal end aq 
of the plate (171) and a generally widened 
body (179) having a greater maximum width 
than both said head (177) and said proximal 
portion (173), with said head (177) and body 
(179) being connected by a neck (181) having 45 
a minimum width substantially smaller than the 
maximum widths of said head (177) and body 
(179) so as to leave spaces for the accom- 
modation of a pair of fracture reduction lag 
screws (195, 197) against said neck (181) on 50 
the two sides of said neck (181). 

2. A distal buttress plate of claim 1 further char- 
acterized in that said distal buttress plate 
(171) is provided with at least one elongated 55 
aperture (189) in said head (177) and a pair of 
elongated apertures (191, 193) in said body 
(179), one on each side of the body (179). 



3. A distal buttress plate (171) adapted to be 
secured to the outer cortical wall of the lateral 
distal femur by means of bone fasteners re- 
ceived in apertures in said plate, characterized 
in that said plate (171) includes a relatively flat 
elongated proximal portion (173) adapted to be 
secured to the lateral distal femora! shaft and a 
relatively curved distal portion (175) curved out 
of the ,plane of said proximal portion (173) 
adapted to be secured to the lateral distal 
femoral condyle, 

with at least one elongated aperture (189) 
capable of accommodating multiple bone fas- 
teners being provided in said distal portion 
(175). 
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